SUMMARY In automated cell counting of edetic acid (EDTA-2K) anticoagulated blood, thrombocytopenia is occasionally seen which bears no relation to any underlying disease. In this study a heparin and soluble theophylline mixture was used to measure accurately platelet numbers in patients with such pseudothrombocytopenia. In four normal volunteers, a theophylline concentration of more than 7 mg/ml produced no significant difference in platelet numbers between theophylline and heparin and EDTA-2K anticoagulated bloods. When blood treated with EDTA-2K was used in seven patients with pseudothrombocytopenia, falsely low platelet counts were observed in three patients immediately after sampling; in blood treated with theophylline, white cell and platelet counts remained unchanged for up to six hours after sampling. Microscopical examination of the EDTA-2K anticoagulated blood showed massive platelet clumping, but no aggregates were seen in theophylline anticoagulated blood. It is concluded that theophylline can be useful in the investigation of pseudothrombocytopenia when an automated cell counter is used.
Peripheral blood samples anticoagulated with edetic acid (EDTA-2K) are those most commonly used for counting platelets. When automated electronic cell counters are used, falsely low platelet counts sometimes result, and these have no relation to underlying disease.' In 1973 Schreiner and Bell6 first described pseudothrombocytopenia, a condition in which platelets clumped in vitro in the presence of edetic acid. Spurious leucocytosis is also observed when automated cell counters are used.7 Onder et alt reported that this is caused by the activation of an abnormal protein attached to platelets at temperatures below 37°C in the presence of chelating agents. The clinical importance of pseudothrombocytopenia, however, is still unknown.
We noted recently that heparin used as an anticoagulant caused platelet clumping and resulted in spuriously low platelet counts, and that blood diluted with citrate solution also caused an underestimation of platelet numbers. To circumvent this problem we successfully used a heparin and soluble theophylline mixture. We then decided to discover whether this Accepted for publication 3 March 1988 mixture was suitable for accurate platelet counting when using automated cell counters in patients with pseudothrombocytopenia.
Material and methods
Five normal volunteers (four men and one woman aged 24 to 41 years) and seven patients with pseudothrombocytopenia were studied. Table 1 details clinical data on the patients. Each blood sample was obtained using a 21-gauge needle inserted into an antecubital vein. Four ml of blood were withdrawn into a 5 ml polypropylene syringe. Two ml of blood were immediately transferred to a tube containing 5 U of heparin and ,B-hydroxyethyltheophylline (Sigma Data were expressed as mean ± standard deviation (mean (SD)). Student's paired t test was used for statistical comparisons. A p value of < 005 was regarded as significant.
Results
Ten mg of theophylline were added to I ml of pooled human serum to clarify the effect of theophylline on automated cell counting. Background noise was . In blood anticoagulated with theophylline, white cell and platelet counts remained unchanged for up to six hours after sampling. On the other hand, EDTA-2K blood examined immediately after sampling showed low platelet counts in three patients (cases 2, 3, and 4). When EDTA-2K blood was examined three hours later, white cell counts had increased in two patients (cases I and 2) and platelet counts had noticeably decreased in six patients (cases 1-3 and 5-7), while there was no distinct change in theophylline blood. In EDTA-2K blood smears and in theophylline blood smears of concentrations of less than 5 mg/ml, microscopical examination showed massive platelet clumping. There was no platelet aggregate in theophylline blood smears, in which 7 mg of theophylline had been added to 1 ml of blood. In blood smears anticoagulated with the EDTA-2K and theophylline mixture, massive platelet clumping also occurred.
Discussion
In automated electronic cell counting of blood samples anticoagulated with edetic acid, spurious thrombocytopenia and leucocytosis are occasionally observed due to in vitro platelet clumping induced by edetic acid.7 It has been stated that in vitro platelet clumping is caused by activation of an abnormal protein in the presence of edetic acid. This abnormal protein has been identified as an immunoglobulin (agglutinin).'6 Onder et aP concluded that pseudo-thrombocytopenia in chelated blood was caused by a group of agglutinins heterogeneous with respect to their physicochemical properties. The mechanism of platelet clumping may be related to the physiological function of platelet membrane9 as edetic acid has been shown to modify platelet and red cell membranes.'°" We deliberately did not use a EDTA-2K and theophylline mixture in patients with pseudothrombocytGpenia.
Low platelet counts, especially in the absence of signs of haemorrhage, should always arouse the suspicions of in vitro platelet clumping, and platelet numbers should then be checked by direct examination of blood smears, or by counting the blood obtained from a fingerprick, or alternatively anticoagulated blood.'2 Citrate,'2 acid citratedextrose'3 or acid-buffering anticoagulant (ABA)'4 are commonly used as alternative anticoagulants, but tljese platelet counting methods also have some defects-for example, the manual method often induces technical error, and citrate is apt to deform the blood cell shape.
The present study, using heparin and theophylline as an antiplatelet agent, showed that this mixture was immediately soluble in blood and had no effect on blood cell numbers when an automated cell counter was used. Moreover, ifmore than 7 mg oftheophylline were added in 1 ml of blood, platelet counts and white cell counts did not change until six hours after blood sampling. Microscopical examinations also indicated that theophylline blood smears showed little change in blood cell morphological detail.
EDTA-2K in some patients caused a decrease in platelet counts and an increase in white cell counts. The automated cell counter may class platelet clumps as white cells because they fall within a size similar to the white cells.
With an automated cell counter, the haematocrit of theophylline blood was slightly lower than that of EDTA-2K blood, but the capillary haematocrit did not change in the range of 0 to 20 mg/mI of theophylline blood. The reduced automated haematocrit in theophylline blood may be related to the change in electric resistance of red blood cells, because automated cell counters calculate the cell volume by analysing the electric resistance of red blood cells.
When using an automated cell counter, theophylline can be useful in the investigation of pseudothrombocytopenia.
